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Abstract
Polymer inorganic nanocomposites are attracting a considerable amount of interest due to their enhanced
electrical andoptical properties. The inclusionof inorganic nanoparticles into thepolymermatrix results
in a significant change in thenanocomposite’s properties.With this inmind,wehavedeveloped a
nanocompositefilmbasedon zinc oxide (ZnO) andpolyvinyl alcohol (PVA)using a solution casting
methodwith varying concentrations ofZnOnanopowder in thePVAmatrix. TheZnO/PVAfilm surface
morphologywas observedby the scanning electronmicroscope (SEM). Themicrographs indicate that
ZnOnanoparticles in thePVAmatrix arehomogeneously distributed.XRDresults indicated that the
crystallinity of thefilmwas influencedby the interactionofZnOnanoparticles and thePVAmain chain.
Crystallinity is also affectedby thedopingofZnOnanoparticles in thePVAmatrix and it increaseswhen
the concentrationofZnO is lowand thendecreaseswhen the excess concentrationofZnO is present in the
PVAmatrix. TheFTIR transmission spectra confirmed that significant interaction tookplace between the
ZnOnanoparticles and thePVAmain chainover thewavenumber range of 400–4000 cm−1. TheUV–vis
spectra reveal that the increase in concentrationofZnOnanoparticles in thepolymermatrix results in the
movementof the absorption edge in thedirectionof higherwavelengthor lower energy associatedwith the
blue/greenportionof the visible spectrum.Adecrease in the optical energybandgap is observedwith the
increase innanoZnOconcentration in thematrix. Thickness has a signifcant affect on theproperties of the
ZnO/PVAnanocomposite and themorphology, particle size, degree of crystallinity andbandgapof the
ZnO/PVAnanocomposite sampleswere influencedby the thickness of the sample. Theoptimal thickess
of 0.03mmwith aweight percentageof 16.6% (ZnO) and83.3% (PVAmatrix)was selecteddue to its
higher bandgapof 4.22 eV, reduced agglomeration/aggregation and smallerZnOparticle size of 14.23nm
in thematrix. Theoptimalfilmcanbeused inphotovoltaic research.
1. Introduction
Whencomposites have at least onephase at nanoscale, nanocomposites aremade.Thepower of nanoscalematerials
maximizes the composite characteristics and can lead tonewcharacteristics. In recent times, great attentionhas been
paid tonanocomposites that that containorganic and inorganic phases. Theproperties of nanoparticles dependnot
only on theproperties of the various components, but alsoonwhether the attractions or compatibility between the
twophases are significant and essential [1, 2]. An important applicationof nanocomposite is in electronics,where
thin-filmnanocomposites are useful in improving and enhancing the electrical characteristics. Polymer
nanocomposites focuses on thefinalmorphology,whichdependson interactionbetweenpolymernanoparticles that
promote gooddispersion anddistributionof nanoparticles in thepolymermatrix [3, 4].
Zinc oxide is an inorganic compoundwhich has a chemical formula of ZnO. It is an almost insoluble white
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is a group II—VI semiconductor with approximately 3.33 eV broad band gap. The strong and broad band
difference in the near-UV spectralfield and the great free exciton binding energymake it a promising functional
semiconductor with awide range of new applications [6]. ZnOhas recently been dopedwith nanoparticles of
othermaterials. Bymonitoring the dopants and concentrating them, it was determined that the particle’s
physical properties, such as optical, electrical, andmagnetic, could be engineered. Thatmodification and
enhancementwas obtained because of the electronic structure change and the band gap. Studies are very
important in this field for developing applications that can be used in optical devices [7]. ZnO is a technologically
importantmaterial due to its diverse properties.
PVA iswhitish, odorless, non-toxic, biocompatible, thermostable, semi-crystalline or linear synthetic
polymer [8, 9]. Poly (vinyl alcohol) (PVA) is also a synthetic water-soluble and biodegradable polymer. Its
degradability can be optimized by hydrolysis due to the inclusion of hydroxyl groups. PVA can be dissolved in
water for 30 min, with aminimumof~100 °C solvent temperature. The characteristics of polyvinyl acetate
depend on the degree or extent of hydrolysis, whetherwhole or in part. It has a double impact on its
classification: partly hydrolyzed and completely hydrolyzed [10]. For completely hydrolyzed and partially
hydrolyzed grades, PVAhas amelting point of 230 °Cand 170 °C–190 °C. It breaks down rapidly above 200 °C
because, at high temperatures, it can undergo pyrolysis. It has excellent optical characteristics. Nanofillers with
doping can easily change itsmechanical, optical, and electrical characteristics. PVA is the perfectmatrix for the
production of versatile devices in thefields of electronics, optoelectronics, bioengineering, and other areas due
to its lack of toxicity, biocompatibility, high hydrophilicity and easy processability. It is therefore very important
to adjust the PVAproperties for various targeted applications [11].
Various physical and chemical techniques have been used to create,manufacture and obtain the desired
ZnO/PVAnanocomposite architecture, such as solvent or solution casting, vapor—liquid—solid growth phase,
melt processing, chemical vapor deposition, and in situmethods [12]. Different researchers have seen enhanced
optical, electrical, thermal, and dielectric properties in ZnO-based PVAnanocomposites prepared by various
methods [13–15]. However, any stand-alone paper on the effect offilm thickness on the properties of ZnO/PVA
nanocomposite film has not been reported. Therefore, the efforts have beenmade in this study tofind out the




Polyvinyl alcohol (PVA) code number 363146 of averagemoleweight (Mw) 98000 and 99+%hydrolyzedwas
used as a polymer andwas supplied by Sigma-Aldrich.
Figure 1. Shows theflow chart for the preparation of ZnO/PVAnano-composite thinfilm using the SCM.
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2.1.2. ZincOxide (ZnO)
ZincOxide (ZnO)was purchased fromR&MChemicals . It was used as afiller in polymer/ZnO
nanocomposites. The size of the nanoparticles was<100 nm (nano-meters and 10×10–3mm ) of diameter.
2.1.3. Solvent
Deionizedwater (H2O) has no charge (ion free and does not conduct electricity)was used as a solvent for PVA
supplied by Sigma-Aldrich. It is a common solvent for this type of polymer. It is a polar protic solvent which
structurally has a long hydrocarbon chain.
2.2. Synthesis of ZnO/PVAnanocomposite
The SolutionCastingMethod (SCM) is an easy and versatile process to developNano-composite laboratory
scale thinfilms. In this study, the SCMwasused to prepare a laboratory scale thinfilm of ZnO/PVANano-
composites. A template (petri dish) has beenmadewith ceramic based on the desired shape (laboratory scale) of
theNano-composite thinfilm for this study to characterize its composition.
The procedure of preparing the ZnO/PVAnanocomposite is briefly explained infigure 1. TheComposition
of the total solution of ZnO/PVAmixture and theweight percentages of the blendedmixture of ZnO/PVAwith
deionizedwater arementioned in tables 1 and 2, respectively. A total of 10 samples were preparedwith different
weight percentages of ZnO and PVA.
Different samples of ZnO /PVANano-composites with different weight percentages of ZnO and PVAwere
prepared in order to optimize the sample to obtain a better andmore efficientfilm in terms of thickness, as
shown in table 3. The laboratory scale ZnO-PVANano-composite thinfilm has beenmade based on the size of
length×width (L×W) of 130mm×60mm.The thickness of the nanocomposite samplewasmeasured using
a digitalmicrometer. The thickness of different composite films varies from0.03mm to 0.10mm.
2.3. Characterization
AScanning electronmicroscope (SEM), Fourier Transform Infrared Spectroscopy (FTIR), X-ray diffraction
(XRD), and anUV-visible Spectrophotometer (UV-Vis)were used to characterize the nanocomposite film. The
details of the purpose of each test are listed in table 4.
Table 1.Composition of total solution of ZnO/PVAmixture.
ZnO solution PVA stock solution
Solution (S) ZnO(s) (g) Deionizedwater (l) (ml) PVA(s) (g) Deionizedwater (l) (ml)
A 1 12 2 50
B 4 50 5 100
C 2.5 20 4 150
D 3 10 3 75
Table 2.Blendedmixture of ZnO/PVAwith deionizedwater.
Sample composition Weight percentage
S. no Sample from solutiona Nanocomposite sampleZnO(ml)PVA(ml) ZnO (ml) PVA (ml) ZnO (%) PVA (%)
1 SAS1 ZnO(1)PVA(5) 1 5 16.66 83.33
2 SAS2 ZnO(2)PVA(5) 2 5 28.57 71.42
3 SAS3 ZnO(3)PVA(5) 3 5 37.50 62.50
4 SBS1 ZnO(5)PVA(5) 5 5 50 50
5 SAS4 ZnO(1)PVA(6) 1 6 14.28 85.71
6 SAS5 ZnO(2)PVA(6) 2 6 25 75
7 SAS6 ZnO(3)PVA(6) 3 6 33.33 66.66
8 SCS1 ZnO(4)PVA(6) 4 6 40 60
9 SCS2 ZnO(2)PVA(3) 2 3 40 60
10 SDS1 ZnO(6)PVA(10) 6 10 37.50 62.50
Notation: aSi Sj: i=A, B, C,D,KK ; j=1,2,3, 4,KK..
3

















Mater. Res. Express 8 (2021) 075002 SAKhan
3. Results and discussion
A total of 10 samples were selected for characterization. Each sample is characterized using the SEM, FTIR, XRD,
andUV–vis Spectrophotometer. The following are the characterization results of each sample.
Figure 2. SEMmicrographs of (a); ZnO(1)PVA(5) (b)ZnO(2)PVA(5); (c); ZnO(3)PVA(5) (d); ZnO(5)PVA(5) (e); ZnO(1)PVA(6) (f);
ZnO(2)PVA(6) (g); ZnO(3)PVA(6) (h); ZnO(4)PVA(6) (i); ZnO(2)PVA(3) (j); ZnO(6)PVA(10).
Table 4.Characterization of ZnO/PVAnanocomposite by SEM, FTIR, XRD andUV–vis.
Machine Purpose
Scanning electronmicroscope (SEM) Morphological analysis of the ZnO/PVANanocomposite
Fourier Transform Infrared Spectroscopy (FTIR) Observed the presence of functional groups present in ZnO/PVANanocomposite
X-ray diffraction (XRD) Examine the diffraction pattern of the ZnO/PVANanocomposite
UV-visible Spectrophotometer (UV–vis) Find out the absorption and bandgap of ZnO/PVANanocomposite
5
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3.1. SEManalysis
The SEM image infigure 2 (a) shows that nano-size crystal aggregates have formed as a result of the high surface
energy. However, themicrograph contains several small particles with an average size of 14 nm. The surface
morphology study of the ZnO/PVAnano-composite film shows a variety of aggregates or chunks spread
randomly on the upper surface of the film. The results indicate that some nano-sized ZnOparticles tend to form
small aggregates when dispersed in the PVApolymermatrix [16]. Themicrograph obtained fromprepared film
as shown infigure 2(b) examines the homogeneous distribution of nanoparticles in the PVAmatrix. The ZnO /
PVAnanocomposite showed that crystallites originated and started growing in the immediate surroundings of
the surface as the ZnO concentration increased. It also demonstrated homogenous dispersion of ZnO
nanoparticles, while therewasmore compactness and aggregationwith increased ZnO concentration [17]. The
SEM image offigure 2(c) obtained fromprepared films examines the homogeneous distribution of
nanoparticles in the PVAmatrix. The PVA/ZnOpolymer composite film’s analysis of surfacemorphology
reveals several aggregates or chunks scattered randomly on the upper surface of the film. It is important to note
that irregular ZnOnanoparticles have been formed in the range of 15 nm to 18 nm. Themicrograph of
figure 2(d) shows a uniformly processed smooth PVAmatrix with chunks offlaked shaped ZnOparticles
distributed over the surface. It is important to note that irregular ZnOnanoparticles have been formed in the
range of 16 nm to 19 nm. Figure 2 (e) shows an SEM image of a uniformly processed smooth PVAmatrix with an
irregular shape and large ZnOparticles. Compactness is observed in the image due to the increase in the
concentration of ZnOparticles in the polymermatrix. Figure 2(f) shows the ZnOparticles consist of
agglomerating several primary crystallites with an irregular size and shape. Compactness occurs at different
points as the ZnO concentration increases, suggesting the sample’smore crystalline nature. Figure 2(g) depicts a
pure PVAfilmwith non-uniform solution dispersion due to improper drying ormore porosity in the final
mixture. Compactness occurs at different points as the ZnO concentration increases, suggesting the sample’s
more crystalline nature. The ZnO/PVAcompositemicrograph as shown infigure 2(h) confirms improvements
Figure 3. FTIRTransmittance Spectra of nanocomposite samples.
Figure 4.XRDPattern of nanocomposite samples.
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in PVAmorphologywith ZnOdispersion into the polymermatrix. It displays evenly distributed nanoZnO
where there ismore compactness as the dopant concentration increases. Themicrograph infigure 2(i) shows the
ZnO/PVAfilmwithmore concentration of PVA in thematrix, resulting in the impropermixing of the ZnO.
Themicrograph infigure 2(j) shows the highly irregular ZnO/PVAfilmwith large area affected by the high
temperature or longer drying time of the oven.
3.2. FTIR analysis
Figure 3 shows the FTIR spectra of ten samples ranging fromZnO (1)PVA (5) to ZnO (6)PVA (10)with awide
absorption peak at 3259, 3267, 3231, 3240, 3249, 3258, 3242, 3207, 3259, and 3213 cm−1, respectively. The band
allocated to 2907, 2907, 2908, 2912, 2916, 2908, 2909, 2917, 2909, and 2911 cm−1, respectively, displays C-H
asymmetric stretching vibrations. Absorbance at (1415, 1326 cm−1), (1416,1327 cm−1), (1415,1325 cm−1),
(1414,1326 cm−1), (1413,1324 cm−1), (1415, 1324 cm−1), (1414, 1326 cm−1), (1412 cm−1), (1416,1325 cm−1),
(1416,1320 cm−1), associatedwithCH2 vibrations. The strong band at 1083, 1086, 1087, 1086, 1066, 1086, 1086,
1097, 1085, 1086 cm−1 , respectively, correlates to theC–Ostretching of the PVAmatrix acetyl group [18]. The
shift in the spectra could be the result of the creation of intermolecular hydrogen bonding between theOH
group of PVAwith the ZnO surface. The change in the associated doping bands indicates interaction between
PVA andZnO.Higher ZnO concentrations in the PVAmatrix exhibit a different behaviour than lower ZnO
concentrations in the PVAmatrix because increasing ZnO concentrations cause agglomeration of ZnO
nanoparticles, reducing the amount of surface atoms and involvement in both the ZnOnanoparticles and
polymermatrix.
3.3. XRDanalysis
Figure 4 depicts theXRDpatterns of 9 samples of ZnO /PVANanocomposite fromZnO(1)PVA(5) to ZnO(2)
PVA(3), displays a relatively high peak of 2θ=35.96, 35.64, 36.39, 36.37, 35.68, 35.91, 35.66, 36.47, 36.78 . The
related diffraction peaks corresponded to the PVAdiffraction peak and the regular ZnOwurtzite hexagonal
crystal structure PDFdatabase (JCPDS 36–1451) [19]. The formation of the ZnO/PVAnanocomposite has been
confirmed by these diffraction peaks. By employing theDebye–Scherrer formula, the crystallite size of 9 samples
of PVA /ZnOnanocomposite filmwasmeasured as shown in table 5. Doping of ZnOnanoparticles results in an
increase in crystallinity, but excessive doping of ZnOnanoparticles results in a decrease in crystallinity due to
variability in crystalline size and aggregate formation. Contractions in peakwidth and the sharpness of peaks
show the growth in grain size. There has been a rise in strain in the nanocomposite films due to PVA’smatrix
effect on the ZnOnanocrystals.
TheXRDpattern of ZnO(6)PVA(10) sample peaks did notmatchwith the PVAdiffraction peak and the
regular ZnOwurtzite hexagonal crystal structure PDFdatabase (JCPDS 36-1451). There is no sharp peak
observed in the pattern due towhich crystallite size of ZnO/PVAnanocomposite films cannot be calculated
usingDebye–Scherrer formula.
3.4. UV–vis Spectrophotometer
Figure 5 shows the absorption spectra of 10 samples of ZnO /PVANanocomposite fromZnO(1)PVA(5) to ZnO
(6)PVA(10) display two bands at (235, 356 nm), (225, 340 nm), (234, 335 nm), (239, 339 nm), (235, 366 nm),
(258, 340 nm), (250, 341 nm), (262, 367 nm), (238, 356 nm), (227, 330 nm), respectively with a lower intensity
corresponding to the existence of ZnO in the film [20]. These bands are attributed to PVA absorption andZnO
nanoparticle excitons. The energy bandgap is found by converting the spectrum into Tauc’s plot as shown in
figure 6. The increase in concentration of ZnOnanoparticles in the polymermatrix results in themovement of
the absorption edge in the direction of higher wavelength or lower energy associatedwith the blue/green portion
of the visible spectrum.Decrease in optical energy bandgap is observedwith the increase of nanoZnO
concentration into thematrix. The observed shift in energy could be due to the Burstein-Moss phenomenon and
the formation ofmicrostrain in the ZnO/PVAnanocomposite. Strain also causes variation in the energy band
structure of the ZnOdopant, as shownby a change in the absorption edge. Additionally, the ZnO causes
formation ofmore defects in band gap could be another reason for the shift.
The selected 10 samples were prepared based on different stock solutions, the details of which arementioned
in table 2. These samples were characterized by using SEM, FTIR, XRD andUV–vis. The results obtained are
briefly listed in table 6. It can be seen fromSEMresults, the agglomeration/aggregation in ZnO/PVA
nanocomposite increased by the addition of ZnOnanoparticles in PVAmatrix fromZnO(1)PVA(5) to ZnO(5)
PVA(5); ZnO(1)PVA(6) to ZnO(2)PVA(3). This is due to the creation of clusters on different points of the
surface due to high surface energy.When the concentration of ZnO is up to 37.5wt.%, the degree of crystallinity
increases fromZnO(1)PVA(5) to ZnO(3)PVA(5); ZnO(1)PVA(6) to ZnO(2)PVA(3) and then it decreases until
50wt.%.UV–vis results illustrate the energy bandgap decreases with the increase of ZnO concentration in
7
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matrix fromZnO(1)PVA(5) to ZnO(6)PVA(10). The thickness of the ZnO/PVAnanocomposite film increases
with the decrease in the optical bandgap of the ZnO/PVAnanocomposite film.
The performance of sample ZnO(1)PVA(5) comparable to other samples shows less agglomeration/
aggregation and smaller ZnOparticle size of 14.23 nm. It also shows a high energy bandgap of 4.22 eVby
converting the spectra into Tauc’s Plot, which is higher than the other samplesmade in this study using the


















sample (hkl) 2θ β (nm) d (Å) a c (nm)
ZnO(1)PVA(5) (100) 31.41 0.57 14.28 2.8457 3.2859 5.2558 14.23
(002) 34.09 0.58 14.22 2.6279
(101) 35.96 0.58 14.19 2.4954
ZnO(2)PVA(5) (100) 31.15 0.50 16.37 2.8689 3.3127 5.3011 17
(002) 33.79 0.49 16.79 2.6505
(101) 35.64 0.46 17.84 2.5170
ZnO(3)PVA(5) (100) 31.84 0.53 15.45 2.8082 3.2427 5.1850 17
(002) 34.57 0.44 18.79 2.5925
(101) 36.39 0.48 17.37 2.4669
ZnO(5)PVA(5) (100) 31.86 0.48 16.86 2.8065 3.2407 5.1966 18.31
(002) 34.49 0.42 19.55 2.5983
(101) 36.37 0.45 18.54 2.4682
ZnO(1)PVA(6) (100) 31.17 0.52 15.81 2.8671 3.3106 5.2965 18.93
(002) 33.82 0.37 22.13 2.6482
(101) 35.68 0.44 18.85 2.5143
ZnO(2)PVA(6) (100) 31.46 0.47 17.39 2.8413 3.2808 5.5088 16.94
(002) 32.48 0.52 15.89 2.7544
(101) 35.91 0.47 17.56 2.4987
ZnO(3)PVA(6) (100) 31.13 0.39 20.78 2.8707 3.3148 5.2874 18.02
(002) 33.88 0.51 16.11 2.6437
(101) 35.66 0.39 21.14 2.5157
ZnO(4)PVA(6) (100) 31.96 0.46 17.71 2.7980 3.2308 4.9233 19.34
(002) 36.47 0.41 20.15 2.4616
(101) 56.86 0.55 16.21 2.2062
ZnO(2)PVA(3) (100) 36.78 0.57 14.58 2.4416 2.8193 — 14.58
(002) — — — —
(101) — — — —
ZnO(6)PVA(10) (100) — — — — — —
(002) — — — — — —
(101) — — — — — —
Figure 5.Absorption Spectra of nanocomposite samples.
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nano-powder of ZnO and PVA. The sample ZnO(1)PVA(5)with aweight percentage (16.66wt.%) of ZnO and
(83.33wt.%) of PVA and a thickness of 0.03mm is found to be optimal and is suggested for the further possible
application in photovoltaic research.
4. Conclusion
In summary, different samples of ZnO/PVAnanocomposite were successfully prepared by the solution casting
method. Each sample was characterized by SEM,XRD, FTIR andUV–vis and the results of each sample were
briefly discussed. Thefindings revealed that themorphology, particle size, degree of crystallinity and bandgap of
the ZnO/PVAnanocomposite film samples were affected by the thickness of the sample. The sample ZnO(1)
PVA(5)has an optimal thickness of 0.03mmbecause of its optimumvalue of 4.22 eV bandgap and less
agglomeration/aggregation of 14.23 nmparticles. A thinfilm of ZnO/PVAnanocomposite with optimal
thickness can be applied in photovoltaic research due to its fascinating properties. However, future study on
Figure 6.Optical Energy bandgap of (a); ZnO(1)PVA(5) (b)ZnO(2)PVA(5); (c); ZnO(3)PVA(5) (d); ZnO(5)PVA(5) (e); ZnO(1)PVA
(6) (f); ZnO(2)PVA(6) (g); ZnO(3)PVA(6) (h); ZnO(4)PVA(6) (i); ZnO(2)PVA(3) (j); ZnO(6)PVA(10).
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Table 6. Summarized characteristics result.
Characteristics result
No. SampleDescription (Listed according to increasing ZnOwt.% ) SEMa FTIRb XRDc UV–visd Energy band gap (Eg), eV
1 ZnO(1)PVA(5) ↑ (C-H: 2907); (CH2: 1415, 1326);(C-O: 1083) 14.23 nm (↑) 235 nm, 356 nm 4.22
2 ZnO(2)PVA(5) ↑↑ (C-H: 2907); (CH2: 1416, 1327); (C-O: 1086) 17 nm (↑↑) 225 nm, 340 nm 4.21
3 ZnO(3)PVA(5) ↑↑↑ (C-H: 2908); (CH2: 1415, 1325); (C-O: 1087) 17 nm (↑↑↑) 234 nm, 335 nm 4.20
4 ZnO(5)PVA(5) ↑↑↑↑ (C-H: 2912); (CH2: 1414, 1326); (C-O: 1086) 18.31 nm (↑↑) 239 nm, 339 nm 4.04
5 ZnO(1)PVA(6) ↑↑ (C-H: 2916); (CH2: 1413, 1324); (C-O: 1066) 18.93 nm (↑) 235 nm, 366 nm 4.16
6 ZnO(2)PVA(6) ↑↑↑ (C-H: 2908); (CH2: 1415, 1324); (C-O: 1086) 16.94 nm (↑↑) 258 nm, 340 nm 4.15
7 ZnO(3)PVA(6) ↑↑↑↑ (C-H: 2909); (CH2: 1414, 1326); (C-O: 1086) 18.02 nm (↑↑↑) 250 nm, 341 nm 4.08
8 ZnO(4)PVA(6) ↑↑↑↑↑ (C-H: 2917); (CH2: 1412); (C-O: 1097) 19.34 nm (↑↑) 262 nm, 367 nm 4.05
9 ZnO(2)PVA(3) ↑↑↑↑↑↑↑ (C-H: 2909); (CH2: 1416, 1325); (C-O: 1085) 14.58 nm (—) 238 nm, 356 nm 4.03
10 ZnO(6)PVA(10) — (C-H: 2911); (CH2: 1416, 1320); (C-O: 1086) (—) 227 nm, 330 nm 3.70
a SEM:Agglomeration/Aggregation of particles (↑)
b FTIR:C–H,CH2, C–O (cm
−1)
c XRD: average particle size (nm), degree of crystallinity (↑)












fabrication aspects of ZnO/PVAnanocomposites could be carried out for further improvement and
investigation into their long-lasting use in photovoltaic research.
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